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INTRODUCTION 
The problem of man's pollution of his own environment has 
recently become an object of great concern. Commercial pesti­
cides are among the potential pollutants man produces. These 
agents, intended to reduce specific populations of organisms 
considered undesirable by man, may if improperly used ulti­
mately adversely affect any and all organisms with which they 
come in contact. 
--One group of pesticides, the chlorinated hydrocarbons or 
organo-chlorines, may be hazardous not only to individuals but 
to entire ecological systems (Woodwell, 1967). The majority 
of these pesticides are toxic to most animal life, are readily 
stored in fatty tissues, decompose very slowly, and are often 
spread through the atmosphere in aerosol form. Due to their 
slow rate of decomposition and lipid solubility, they tend to 
become concentrated at the higher levels of the food web and 
are potentially most dangerous to the highest predators in the 
web. It is estimated that the mean concentration of the 
chlorinated hydrocarbon DDT in the body fat of human beings in 
the United States is presently about llppm (Woodwell, I967). 
The mean concentration of the chlorinated hydrocarbon Dieldrin 
was estimated in I963 to be 0.15 ± 0.02ppm for human body fat 
in the United States (Dale and Quimby, 1963). While these 
concentrations are tangible, it is felt that it would require 
much higher residues than those reported to be dangerous in 
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terms of acute effects. Even in the event of rapid mobiliza­
tion of body fat, it is extremely doubtful that the present 
levels of chlorinated hydrocarbons are dangerous (Frazer, 
1967). 
The particular feature which makes the problem of exposure 
to chlorinated hydrocarbons interesting to the psychologist 
is that the major effect of this group of pesticides seems to 
take place at the level of the central nervous system (CNS) in 
both birds and mammals. Some of the symptomology which 
appears particularly indicative of CNS involvement are; long 
term alterations in cortical electroencephalograms (EEG) 
(Hoogendam, Versteeg, and DeVlieger, 19^3; Princi, 1957; Prior, 
1963; Revzin, 1966; Speck and Maaske, 1958); a reduction in 
appetite (Conley, i960); hyper-irritability (Conley, 196O; 
Spiotta and "Winfield, 1952); apprehension, dizziness, and con­
fusion (Hayes, 1955); increased susceptibility to auditory 
seizure (Speck and Maaske, 1958); tremors and convulsions 
(Dale, Gaines, Hayes, and Pearce, 19^3; Hayes, 1955; Hoogendam 
et al., 1963; Princi, 1957; Eevzin, 1966; Speck and Maaske, 
1958; Spiotta and Winfield, 1952); loss of consciousness and 
retrograde amnesia (Conley, 196O; Spiotta and Winfield, 1952); 
changes in classically conditioned responses including 
increased response latency, decreased differentiation, and 
accelerated extinction of the conditioned response (CE) 
(Medved, Spynu, and Kagàn, 1964); and defects in learning of a 
Visual discrimination (James and Davis, I965), Further, it 
has been suggested that the occurrence of clinical signs in­
dicative of DDT poisoning in rats is not highly correlated 
with the concentration of DDT in the body fat, but does seem 
to be directly correlated with the concentration of DDT in the 
brain (Dale et al., I963). In view of the above, it was de­
cided to investigate the effects of the chlorinated hydrocar­
bon Dieldrin on the retention of a conditioned avoidance re­
sponse (CAE) and the subsequent relearning of the response in 
sheep. 
The chlorinated hydrocarbon Dieldrin was named after 
Otto Diels, who along with Kurt Alder discovered the diene 
synthesis inl948, which made possible the manufacture of 
Dieldrin and Aldrin. Diels and Alder received the Nobel Prize 
in Chemistry in 1950 for this discovery. Commonly available 
since late 1949, Dieldrin has found great use against various 
insect pests. Between 1952 and 1958, 9,000,000 pounds of 
technical Dieldrin were used in various insect control pro­
grams (Zavon, 1963). Dieldrin has an LD^Q when administered 
orally to white rats of 40mg/kg body weight and an LD^^ of 100 
mg/kg body weight when applied dermally to rats (Scott, W. N., 
1964). One may note from the above figures that Dieldrin is 
half as toxic when applied dermally as when ingested orally. 
In common with the other chlorinated hydrocarbons, Dieldrin 
seems to degenerate very gradually to nontoxic products 
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vivo. It is readily lipid soluble and therefore accumulates 
in the fatty tissues of all exposed organisms and is extremely 
toxic even at low levels (Scott, W. N., 1964). Dieldrin's 
penchant for accumulation in fats, slow breakdown, and high 
toxicity creates a situation where small nontoxic amounts of 
the substance may gradually accumulate until a dangerous level 
is attained. In fact, as of I96O there was no known equili­
brium point for Dieldrin concentration in body fat (Conley, 
i960). The use of Dieldrin therefore, will allow the investi­
gation of the effects of low level, chronic exposure to a 
chlorinated hydrocarbon. 
Various modes of action have been hypothesized for the 
effect of the chlorinated hydrocarbons on the CNS. W. N. 
Scott (1964) discussed the following three: effects may be 
due to interference by the chlorinated hydrocarbons with free 
amino acid pattern synthesis in neural tissue; it may be that 
the chlorinated hydrocarbons increase the concentration of 
pyruvic and lactic acids in the CNS; or it is possible that 
the chlorinated hydrocarbons in some way inhibit or destroy 
cholinesterase. Frazer (1967) suggested that the effect of 
DDT is to interfere with the potassium exchange mechanism of 
the neuron. Witter and Farrior (1964) raised the possibility 
that different chlorinated hydrocarbons have different modes 
of action. They noted that DDT toxicity in both animals and 
man produces an increasing series of tremors culminating in 
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seizures which are often terminal, while Dieldrin toxicity 
usually results in a series of recurrent seizures resembling 
an epileptic Grand Mai. These investigators measured the in­
crease in alpha-alanine and gamma-aminobutyrate in rats 
showing Dieldrin and DDT toxicity. Under Dieldrin, the rat's 
brain showed elevated levels of alpha-alanine and gamma-
aminobutyrate, whereas the rats showing clinical symptoms 
after exposure to DDT showed no such elevation in brain tis­
sues sampled. At present, the mode or modes of action of the 
chlorinated hydrocarbons are still unknown (Prazer, I967). 
Relatively little experimental research has been con­
ducted on the behavioral effect of exposure to chlorinated 
hydrocarbons." James and Davis (I965) performed an experiment 
in which they trained Bobwhites (Colinus Virginianus) in a 
visual discrimination barpress situation. They then exposed 
the animals to 20 mg/kg DDT body weight or a placebo. They 
then presented the exposed .group of Bobwhites and the control 
group with a new discrimination problem. The controls made 
significantly fewer errors on the new problem than did the 
exposed animals. 
Khairy (i960) dosed albino rats with 25 or 50 mg/kg 
Dieldrin food weight or a placebo beginning 75 days after 
birth. All animals were taught a straight alley response, but 
there were no significant differences in the learning rates of 
the three groups. In the same experiment, Khairy did find 
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that when the rats were loaded with 40 and 50 gram weights, 
running time in a straight alley was directly related to 
dosage level. That is, the high dosage groups, ran slowest. 
Medved, Spynu, and Kagan (1964) reported that investiga­
tions on the effect of Dieldrin on classically conditioned 
responses reveal a disruption in the latency of the CE. Some 
animals show an increased- latency, while others show a de­
creased latency. Also noted is a reduction in inhibition 
during discrimination trials and a weakening of the CR. 
Finally, exposure to chlorinated hydrocarbons including DDT, 
Dieldrin, and Aldrin often resulted in an increased rate of 
extinction of the CH. 
The sheep was chosen as the subject in the present ex­
periment for the following reasons; it is a relatively large 
brained animal; it is placid and quiet, offering little danger 
of inconvenience to the experimenter; it is particularly suit­
able for use with telemetric techniques of physiological 
monitoring as it does little rolling, rubbing or scratching; 
and as the sheep is a ruminant, it is probable that it ingests 
pesticides in its normal habitat while grazing. In general, 
the sheep is noted for its well developed social and aleometric 
behavior (Carins, 1966; Cresswell, 196O; Ewbank, 196?; Hafez 
and Scott, 1962; Hersher, Richmond and Moore, 1963; Moore, 
196O; Scott, J. P., 1945, 1958). Another facet of the sheep's 
behavior, its learning capacity, has also received attention. 
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Gardner (19^5) found that sheep tested on a three food compart-
ment visual discrimination task scored below pigs and dogs, 
and possibly below horses and cows. Liddell (1925a) found 
that sheep could readily leam a simple maze for a food reward 
or to be reunited with the flock. Using this task, Liddell 
compared sheep and goats and found no significant differences 
in their scores. Liddell (1925b) also investigated the rela­
tionship between spontaneous activity and maze learning 
ability in sheep, but found no correlation. Liddell, James, 
and Anderson (1934) compared time necessary to acquire a 
classical CE (leg flexion) with a shock unconditioned stimulus 
(UCS) in pigs, dogs, goats, sheep, and rabbits. The sheep and 
goats- scored below pigs and dogs and above rabbits. 
Liddell (1954) noted that although the sheep seems to 
have the ability to acquire simple responses when reinforced 
with food, its distractibility makes a situation where the 
experimenter has direct control over the reinforcing process 
highly desirable. In order to achieve this higher degree of 
control, Liddell changed from the maze situation to a 
Pavlovian conditioning paradigm. 
Another technique which avoids the problem of distract­
ibility by giving the experimenter direct control over the 
reinforcing process is avoidance conditioning. Avoidance con­
ditioning does not entail problems of restraint and long term 
habituation to the experimental area. Further, the use of a 
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shuttlebox avoidance conditioning situation allows the experi­
menter to select a response that is high on the sheep's be­
havior repertoire (such as jumping) and is easily acquired. 
Early in I967 a pilot study on the effects of Dieldrin 
on the retention of a shuttlebox CAR and the EEG correlates of 
this response in sheep was performed. Three animals were used 
in the study. All were conditioned to the criterion of 100^ 
correct avoidance responses for two days in succession. One 
of the three animals was dosed during the extinction procedure 
with 15 mg/kg Dieldrin body weight daily. This animal ex­
tinguished completely in the shuttlebox avoidance conditioning 
situation after nine days. The control animal was still per­
forming at 100^ avoidances after twelve days in the extinction 
situation. 
Relatively little research using the extinction of a CAR 
as a dependent variable has been performed. One possible 
reason for this is the extreme resistance to extinction of the 
CAR. The great length of the CAR extinction process yields a 
technique ideally suited for the assessment of the effect of 
chronic exposure to toxic agents on behavior. 
The resistance of the CAR is thought to be due to its 
self reinforcing nature. Miller (1948) demonstrated that fear 
of some neutral stimulus may be acquired by pairing it with 
a noxious stimulus and that this acquired fear may act as a 
drive. He further demonstrated that the termination of the 
9 
acquired fear state will act to reinforce responses much as 
the termination or reduction of a primary drive state does. 
Mowrer's (i960) treatment of avoidance conditioning noted 
that the pairing of the conditioned stimulus (CS) and UCS in 
the early trials of avoidance conditioning probably results 
in the subject acquiring a fear of the heretofore neutral CS. 
The subject then leams to make an avoidance response to ter­
minate the now fear-evoking CS. He believes that avoidance 
responses are reinforced by the termination of the CS, not the 
UCS. In a situation where the UCS is never present, little or 
no extinction should take place as long as the CS evokes fear 
in the subject. 
Bolles, Stokes, and Younger (1966) presented a different 
view of avoidance conditioning. They argue that termination 
of the UCS is the major factor in the acquisition of a CAE and 
that the importance of the CS lies in its ability to warn of 
the impending onset of the UCS rather than any reinforcement 
due to its termination. Further, they argue that if a CE is 
high in the animal's behavior repertoire it may be acquired 
just to avoid the shock. In a situation where the CE lies low 
in the repertoire, it must be first acquired and such acquisi­
tion should at least be initially reinforced by shock termina­
tion. The reasoning of Bolles et al. does not preclude the 
possibility that the onset of the CS acts as a signal to begin 
a fear state. They state however, that it is the performance 
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of the CE not the termination of the CS which reduces this 
fear. 
Two general mechanisms have been proposed for the extinc­
tion of the CAE: the animal may lose its fear of the CS or it 
may learn a new response which acts to reduce fear generated 
by the presentation of the CS (Black, 1958; Kimble, I96I; 
Page and Hall, 1953; Solomon and Wynne, 1954). Extinction, 
using the first mechanism, may be accomplished by blocking 
afferent fear indicating Impulses from the viscera either 
through chemical (Black, 1958) or surgical (Wynne and Solomon, 
1955) methods; by reality testing, during which the animal is 
restrained in the presence of the CS (Page and Hall, 1953; 
Solomon, Kamin, and Wynne, 1953); or finally, by the gradual 
extinction of the CS-fear bond due to absence of the UCS 
(Brogden, 19^9; Jerison, I966; Solomon et al., 1953). Extinc­
tion using the second mechanism, involves either restraining 
the animal in the presence of the CS (Page and Hall, 1953; 
Smith, Misanln, and Campbell, 1966; Solomon and Wynne, 1954) 
or rendering the consequences of the CAR highly unpleasant 
(Smith et al., 1966; Solomon et al., 1953). 
Katzer, (1966) stated that the only factor both necessary 
and sufficient to the extinction of a CAR is the inclusion of 
trials where the performance of the CAR does not result in the 
prompt termination of the CS. 
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Extinction of a CAR does take place when the performance 
of the CAR is followed by prompt CS termination, the response 
is not blocked, there is no interference with afferent 
visceral impulses, and the CAR is not punished. In an ex­
periment designed to evaluate the effect of delay between 
training and extinction on the extinction rate of a CAR, Moyer 
(1958) reported that some animals extinguished without making 
a single CAR. Kimble (I961) hypothesized that such rapid ex­
tinction of a CAR can only be the result of the animal's 
acquisition of some new fear reducing response. 
Brogden (19^9) found that the extinction of a leg flexion 
CAR required as many as 460 separate trials. To account for 
such extreme resistance to extinction, Solomon and Wynne (195^) 
hypothesized the following chain of events: CS onset, in an 
animal with a well acquired CAR, should produce viscerally 
mediated fear stimuli ; accomplishment of the CAR and subse­
quent termination of the CS should reduce the fear stimuli; 
reduction of the fear stimuli should reinforce the performance 
of the CAR; and after many presentations of the CS without the 
external UCS, the CS onset should no longer be able to produce 
the viscerally mediated fear stimuli (which are actually 
Pavlovian CRs). The decrement in the ability to evoke the 
fear state should be delayed however, as on many trials the 
response latency of the CAR is so short that there is no time 
for the fear stimuli to be generated and therefore the CS and 
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the visceral responses are not paired in these trials. Ex­
tinction of the external motor response does not take place 
until after the viscerally mediated fear response has 
extinguished. 
Interference with the maintenance of a CAE after ex­
posure to Dieldrin could be due to some change in the animal's 
ability to associate the CS with fear or the interference could 
be due to the substitution of some new fear reducing response 
for the original CAE. One would expect that if the former 
were true, various physiological indices of fear present in an 
animal with a well established CAB would diminish or disappear 
with the extinction of the CAE. If the CAE were replaced by 
some new response, one would expect that the physiological 
indices would still be present. 
One measurable physiological index, thought to reflect 
emotionality is heart rate (HE). Although Eescorla and 
Solomon (1967) are of the opinion that accurate assessment of 
the motivational state of an organism requires monitoring of 
the entire cardiovascular system, others (Bersh, Notterman and 
Schoenfeld, 1956; Dykman, Gantt and Whitehom, 1956; Dykman, 
Mack and Ackermah, 19^ 5; Mack, Davenport and Dykman, I96I; 
Notterman, Schoenfeld and Bersh, 1952; Snapper, Ferraro, 
Schoenfeld and Locke, I965; Wenzel, I96I; Wilson, 1964) have 
found changes in EE to be useful indicators of relative 
emotionality. 
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As an indicator of the emotional state of an organism HE 
has the following advantages: it is easily recorded, its 
measurement does not disturb the organism, it allows contin­
uous monitoring of the emotional state of the organism; and 
it may be used to estimate changes in emotionality over small 
discreet periods of time. There is the possibility however, 
that changes in SE due to conditioning with a noxious stimu­
lus may be an indirect effect. Various investigators (Bersh 
et al., 1956; Shearn, I96I; Wilson, 1964) have noted that 
while EE accelerates upon presentation of a noxious UCS during 
learning, presentation of the CS without the UCS later, results 
in a deceleration of HE. That is, for the heart the CE seems 
to be the opposite of the unconditioned response (UCR). One 
must assume from this that the heart is not a direct indicator 
of the viscerally mediated fear CEs, but reacts indirectly 
under the influence of primary fear CEs. One such CE is prob­
ably a change in respiration rate (Deane, 1965). Shearn 
(1961) notes that HE can be conditioned independently of 
respiration. 
The purpose of the present study was to determine whether 
exposure to Dieldrin interferes with the maintenance of a CAE 
in sheep and whether this interference takes the form of in­
creasing the unpleasantness of the CAR or reducing the ability 
of the sheep to associate the CS with fear. Secondary goals 
of the experiment were to determine the effect of chronic 
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exposure to Dieldrin on the relearning of an extinguished CAR, 
body weight, and activity in sheep. 
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METHOD 
Subjects 
Twenty two-year old Columbia Cross ewes were used in the 
experiment. These animals were obtained from the flock main­
tained by the Public Health Service Project entitled Multi-
criterial Evaluation of Environmental Pesticides. The animals 
were housed in the research area maintained by the project at 
the Veterinary Medical Research Institute, Iowa State 
University. 
Eight of the animals had previously undergone surgical 
implantation of durai EEG recording electrodes and subsequent­
ly lost the electrode assemblies. The eight ewes, in addition 
to having had electrodes implanted, had been trained in a 
shuttlebox avoidance situation until they achieved ^0% correct 
avoidance responses for two daily ten trial blocks in succes­
sion. Each of the eight implanted sheep was adjudged clini­
cally normal at the beginning of the experiment by the vet­
erinarian supervising the project. One of the ewes died 
during the avoidance training segment of the experiment and 
therefore was not used. 
The remaining twelve animals were adjudged clinically 
normal, had no previous avoidance training, and had not been 
subjected to surgery prior to the start of the experiment. 
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Apparatus 
A 4x10x8 foot high avoidance shuttlebox was constructed 
in the laboratory. This box was bisected by a 12 inch high 
barrier into two 4x5 foot areas. Above the center of each 
area was a 150 watt projector type floodlamp which acted as 
the CS. At the top of the avoidance box, an overhead trolley 
system was constructed to supply the shock which served as the 
UCS. - -
The training sequence was controlled through a Massey-
Dickenson Behavioral Programming System. The program em­
ployed in this experiment provided for a 35 second inter-trial 
interval, a 5 second CS, and a response terminated UCS. The 
UCS used was a pulsating 10 volt AC shock with a 0.95 second 
off, 0.05 second on duty cycle. The shock source was a 
General Eadio Metered Variac set at 10 volts, wired in series, 
with a heavy duty Massey-Dickenson output control. The shock 
was connected to 24 gauge stainless steel wire loops implanted 
subcutaneously in the right flank area of the sheep, approxi­
mately 2.5 inches apart. These wires acted as the shocking 
electrodes. A block diagram of the programming system is 
shown in Figure 1. 
HR was recorded using two-channel, pulse-width modulated, 
FM telemetry units manufactured by Bio-Com, Inc. The telemetry 
units were carried by the sheep on nylon web harnesses con­
structed in the laboratory. Twenty-four gauge stainless steel 
Figure 1. Block diagram of behavioral programming system 
Legend 
Cost Counter Stepper 
CS Conditioned Stimulus (150-watt floodlight) 
DB Dual Range Time Base 
DPTWS Double Pole - Triple Throw Switch 
EC Electro-magnetic Counter 
GP Grass Polygraph 
lA Inhibit And-Gate 
II Indicator Inhibitor 
IMD Input Modifier Delay 
M Ten Unit Memory 
MO Multiple Or-Gate 
MS Multiple Switch -
MV Metered Variac 
NP 12-Channel Numeric Printer 
OC Medium Duty Output Control 
P Precision Time Multiplier - • 
PB Push Button 
PC Programmable Clock 
TB Time Base 
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19 
wires implanted subcutaneously in the left ventral inferior 
and right dorsal superior thoracic areas acted as electro­
cardiogram (EKG) pickup electrodes. The FM telemetry signal 
was received by a Sherwood tuner modified by Bio-Com, Inc. The 
signal was then demodulated and relayed to a Grass Model 10 
polygraph. The polygraph recorded the EKG signal and also 
recorded a mode signal provided by the Massey-Dickenson equip­
ment. This mode signal indicated whether a given EKG signal 
was recorded during the CS, the UCS, or the inter-trial inter­
val. A Massey-Dickenson 12 channel numeric printer automati­
cally recorded trial latency, trial number, and the total 
number of barrier crossings during the.ten trial block. This 
last measure, the total number of times the'animal crossed the 
barrier, was considered an index of activity. 
Procedure ' 
After the electrodes had been implanted, the habituation 
phase of the experiment began. The 12 naive animals were 
introduced into the avoidance shuttlebox and fitted with the 
harnesses carrying the telemetry units. The animal's shocking 
electrodes were connected to the overhead trolley system. The 
animals were then habituated to the avoidance shuttlebox pro­
cedure by presenting them with the CS and inter-trial interval 
(omitting the UCS) in the timing sequence described in the 
apparatus section. However, as the animals in general made no 
response, thé inter-trial interval began 30 seconds after the 
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termination of the CS. The animals received ten habituation 
trials each day for two days in succession. After the tenth 
trial on each day the animals were chased across the barrier 
twice so that they would make the jumping response at least 
four times. During habituation the EKG was recorded, but not 
the response latency or the number of barrier crossings. 
After two days of habituation the avoidance conditioning 
began. During the avoidance conditioning phase of the experi­
ment the animals were placed in the shuttlebox and the same 
procedure described in the habituation phase was followed, 
except that the animals received the UCS immediately after 
the termination of the CS (when the.animal failed to jump the 
barrier). During the avoidance conditioning phase of the 
experiment, response latency, EKG,-and the number of barrier 
crossings were recorded. Four days after the 12 naive animals 
began avoidance training, the eight implanted animals began 
avoidance conditioning under exactly the same procedure, but 
omitting the two days of habituation, as these animals had 
previously been habituated and avoidance conditioned. 
-- All animals were to be trained to a criterion of 100^ 
correct avoidance responses for three daily ten trial blocks 
in succession. However, two of the sheep (34 and 36) did not 
reach this criterion and it was decided to accept a criterion 
of 90^ correct avoidance responses for ten'days in succession 
with the stipulation that the sheep would be assigned to 
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different treatment groups. It is of interest to note that 
Sheep 34 did achieve the original criterion (three days at 
100^) during the beginning of the extinction phase of the 
experiment. Presented in Table 8 are the mean response laten­
cies and mean number of CAEs per day for the 12 unoperated and 
7 operated sheep. 
After avoidance training the animals were divided into 
control and exposure groups. Six of the naive animals were 
assigned to an unoperated control group (UC). The remaining 
six naive animals were assigned to an unoperated exposure 
group (UE). The assignments were made randomly with the re­
striction that Sheep 34 and 36 would not be assigned to the 
same group. Four of the implanted animals were assigned ran­
domly to an operated exposure group (OE) and the remaining 
four assigned to an operated control group (00). 
In the extinction-exposure phase of the experiment, the 
animals in the UE and OE groups received 15 mg/kg body weight 
Dieldrin orally. An equivalent amount of granulated sugar 
was given.to the UC and OC groups. Body weights for dosages 
were determined weekly. The animals were dosed immediately 
after avoidance testing. They were given ten trials daily in 
the avoidance shuttlebox under the same procedures described 
under habituation. The animals underwent avoidance testing 
until they reached a criterion of three days of 0% correct 
avoidance responses in succession, 35 days had elapsed, or 
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they died. They were dosed-daily with Dieldrin or sugar until 
they showed signs of clinical toxicity, 35 days had elapsed, 
or the animals died. During this phase of the experiment EKG, 
response latency, and barrier crossings were recorded. Body 
weights were recorded every third day and the weighing closest 
to Friday was used for determination of the Dieldrin dosages 
for the following week. Blood samples were taken from each of 
the animals weekly. 
Thirty-five days after beginning the extinction-exposure 
phase, the relearning phase of the experiment began. The sur­
viving animals received two daily ten trial blocks of avoid­
ance training in succession. The procedure here was precise­
ly the same as described in the avoidance conditioning phase 
of the experiment. Response latency, EKG, and barrier cross­
ings were recorded. 
The animals which died were given postmortem examinations 
by the veterinary pathologist involved in the project. At the 
conclusion of the final avoidance training phase, all sur­
viving exposed animals were euthanized and postmortem examina­
tions were performed. 
All animals were fed on hay and grain concentrates in' 
the mornings and evenings from feed troughs in their home pens. 
HE was determined by measuring the distance between two 
E spikes on the EKG tracing. The measurements were made on 
the first clearly discernible pair of spikes after the onset 
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of the es and then every seven seconds after the "beginning of 
the inter-trial interval. HR was measured six times during 
each trial of the ten trial daily blocks during the avoidance 
training, avoidance response testing, and avoidance retraining 
phases of the experiment. 
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RESULTS 
For each animal a multiple regression was performed on 
each of the dependent variables: the mean response latency, 
the number of CAEs, and the number of barrier crossings. 
These variables were regressed against orthogonal polynomials 
representing linear, quadratic, and cubic trends across the 
35 trials. In a similar manner, the weight for each sheep on 
each of the 11 weighings during the extinction-exposure phase 
of the experiment was regressed against linear, quadratic, and 
cubic orthogonal polynomials. 
The resulting regression coefficients for each sheep 
(representing the intercept, linear, quadratic, and cubic com­
ponents of the curves formed by the dependent variables) were 
regressed against non-orthogonal polynomials representing the 
various treatment combinations. 'T tests were performed to 
determine whether the differences in the regression coeffi­
cients were in fact due to treatments. 
The analysis was performed in this manner as it was 
expected that there would be missing data due to subject 
deaths, the number of subjects in the treatment groups would 
be both small and unequal, the shape of the functions formed 
by the dependent variables over time would be non-linear, and 
the differences in the non-linearity would be meaningful with­
in the context of the experiment. As 30 separate T tests were 
performed, it was decided to discuss only differences with a 
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probability of being attributed to chance of .01 or less. 
Presented in Table 1 are the T values associated with the 
effects of exposure to Dieldrin, durai electrode implantation 
operations, and exposure by operation interactions on response 
latency during the 35 days of the extinction-exposure phase of 
the experiment. 
Table 1. T values for treatment effects on mean response 
latencies during the extinction-exposure phase 
(T I5df) 
Exposure Operation Exp. X Op. 
Intercept -1.245 0.526 0.521 
Linear -1.074 0.810 -0.018 
Quadratic 0.384 -0.565 -1.375 
Cubic -1.198 -1.340 0.242 
Examination of the above T values indicates that there 
were no differences in the mean response latencies attribut­
able to treatments. As there were no treatment differences, 
the mean response latencies per day were combined for all 
sheep. Figure 2 is a graphic representation of the mean re­
sponse latencies for all 19 sheep, over the 35 days of the 
extinction-exposure phase. 
Presented in Table 2 are the T values'associated with the 
effects of exposure to Dieldrin, durai electrode implantation 
operations, and exposure by operation interactions on the 
I 
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Figure 2. Graph of mean response latencies in seconds for 
all sheep during the extinction-exposure phase 
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Table 2. T values for treatment effects on the number of 
CAEs during the extinction-exposure phase 
(T I5df) 
Exposure Operation Exp. X Op. 
Intercept 0-.856 -0.242 —0 • 570 
Linear 0.859 
-0.293 0. 060 
Quadratic 0.399 1.446 1. 770 
Cubic -0.590 1.070 -0. 
1—1 O
 
number of CAEs per daily ten trial block during the 35 days of 
the extinction-exposure phase of the experiment. 
Examination of the T values indicates that there were no 
differences in the number of CAEs per day attributable to 
treatments. As there were no treatment differences, the mean 
response latencies per day were combined for all sheep. 
Figure 3 is a graphic representation of the mean number of 
CAEs per day, over the 35 days of the extinction-exposure 
phase. 
Presented in Table 3 are the T values associated with the 
effects of exposure to Dieldrin, durai electrode implantation 
operations, and exposure by operation interactions on the num­
ber of barrier crossings per day during the 35 days of the 
extinction-exposure phase of the experiment. 
An examination of the T values presented in Table 3 
suggests that the durai electrode implantation operations had 
Figure 3. Graph of the mean number of CARs per day for all 
sheep during the extinction-exposure phase 
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Table 3. T values for the treatment effects on number of 
barrier crossings during the extinction-exposure 
phase (T I5df) 
Exposure Operation Exp. X Op. 
Intercept 2.394 3.902*** 0.567 
Linear 
-1.332 -2.976*** 2.449 
Quadratic 1.607 8.4o6*** 2.601 
Cubic -2.368 -4.378*** -3.023*** 
T = 2.947 P < .005*** 
a significant effect (P < .005) on the intercept and the linear, 
quadratic, and cubic components of the curves formed by the 
barrier crossings for each experimental group. This table 
also indicates that there was an exposure by operation inter­
action on the cubic components of the curves formed by the 
data. An examination of Figure 4 indicates that the treatment 
differences due to operations and the exposure by operation 
interaction was caused by the high number of barrier crossings 
made by the three sheep in the OC group during the first three 
days of the experiment. 
Presented in Table 4 are the T values associated with the 
effects of exposure to Dieldrin, durai electrode implantation 
operations, and exposure by operation interactions on the body 
weight of the sheep, over the 11 weighings taken during the 
extinction-exposure phase of the experiment. 
Figure 4. Graph of the mean number of barrier crossings 
per day for each treatment group during the 
extinction-exposure phase 
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Table 4. T values for treatment effects on body weight during 
the extinction-exposure phase (T I5df) 
Exposure Operation Exp. X Op. 
Intercept -2.873** 0.759 -0.360 
Linear * -0.687 1.721 1.541 
Quadratic 1.170 1.119 -0.155 
Cubic -1.423 0.896 0.956 
T = 2.602 P < .01** 
Examination of the T values presented in Table 4 suggests 
that there was a significant difference between the intercepts 
of the exposed and non-exposed groups. A graphic representa­
tion of the mean body weights for each of treatment groups, 
over the 11 weighings is shown in Figure This graph indi­
cates that the body weights for the animals in the UG and OC 
groups were initially higher than for the animals in the UE 
and OE groups and that these differences remained about the 
same throughout the extinction-exposure phase of the experiment. 
A measure of HR, the distance between two adjacent R 
spikes in millimeters, was taken for each sheep six times 
during each trial of the daily ten trial blocks during the 
35 days of the extinction-exposure phase of the experiment. 
Each of the six measurements represented the HR during one of 
the six periods within an avoidance trial. The mean of each 
of these measures was taken over the ten daily trials. The 
Figure 5» Graph of mean weight in lbs. for each treatment 
group during the 11 weighings in the extinction-
exposure phase 
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six mean measures for each sheep per day during the 35 days of 
the extinction-exposure phase of the experiment were regressed 
against orthogonal polynomials representing the linear and 
quadratic components for the six HR periods. They were simul­
taneously regressed against the linear, quadratic, and cubic 
components corresponding to the 35 day extinction-exposure 
phase of the experiment; and they were also regressed against 
the linear by linear, linear by quadratic, linear by cubic, 
quadratic by linear, quadratic by quadratic, and quadratic by 
cubic components corresponding to the period by day 
interactions. 
The resulting regression coefficients corresponding to 
linear and quadratic components of the HE periods and the 
linear, quadratic, and cubic components of the 35 days of the 
extinction-exposure phase for each sheep were regressed against 
orthogonal polynomials representing the various treatment com­
binations. T tests were performed to determine whether the 
differences in the regression coefficients were due to 
treatments. 
Presented in Table 5 are the T values associated with the 
effects of exposure to Dieldrin, durai electrode implantation 
operations, and exposure by operation interactions on HR 
during the extinction-exposure phase of the experiment. 
An examination of Table 5 reveals a significant (P<.005) 
exposure by operation interaction with respect to the linear 
trend over days. 
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Table 5» T values for treatment effects on HR during the 
extinction-exposure phase 
Period Day Exposure Operation Exp. X Op. 
Intercept 1.04l 0.629 -1.198 
lin. -1.452 0.120 0.459 
quad. 0.303 -0A06 0.406 . 
lin. -0.591 -1.684 3.265*** 
quad. 0.386 -1.869 1.010 
cubic 0.180 0.401 -1.158 
T = 2.947 P < .005*** 
Presented in Figures 6, 7> 8 and 9 are graphic represen­
tations of the change in HR over days and periods. The graphs-
were formed by taking the mean for each of the six HR periods 
(during a single avoidance trial) over five 7-day segments of 
the extinction-exposure phase for"each treatment groupT 
The data represented in Figure 8 indicate that the inter­
action between exposure and operations is due to the high HRs 
recorded during the initial segment of the extinction-exposure 
phase by the OC group. The initially high HRs registered by 
this group are undoubtedly related to the large number of 
barrier crossings made by this treatment group during the 
initial segment of the phase (see above). 
No statistical tests were performed on the relearning 
data for the following reasons: there were large differences 
Figure 6, Graph of the mean HRs for the UC group for each of 
the six periods within an avoidance trial during 
the five 7-day segments of the extinction-exposure 
phase 
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Figure 7* Graph of the mean HRs for the UE group for each 
of the six periods within an avoidance trial during 
the five 7-day segments of the extlnctlon-exj^osure 
phase 
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Figure 8. Graph of the mean HRs for the OC group for each 
of the six periods within an avoidance trial 
during the five 7-day segments of the extinction-
exposure phase 
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the six periods within an avoidance trial during • 
the five 7-day segments of the extinction-exposure 
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between .sheep with regard to the total number of trials each 
had run in the shuttlebox avoidance situation during both the 
acquisition and the extinction-exposure phases; the death of 
three animals had shrunk the UE and OE groups to four and 
three animals respectively; and most significantly, the loss 
of animals was selective in that the animals which died during 
the extinction-exposure phase were those who were physically 
most effected by exposure to Dieldrin. 
Presented in Table 6 are the mean number of CAEs, barrier 
crossings, and the response latencies for each of the treat­
ment groups over the two days of the relearning phase. 
Table 6. Mean CAEs, barrier crossings, and response latencies 
during the relearning period 
Tmt. Mean Mean Barrier Mean Response 
Group Day CARS Crossings Latencies (sec.) 
UC 1 8.0 33.3 2.8 
UC 2 9.5 28.6 1.6 
UE 1 8.2 31.7 • 2.8 
UE 2 8.7 26.2 3.2 
OC 1 7.6 . 34.0 3.1 
OC 2 9.6 43.0 2.2 
OE 1 • 7.6 36.0 .. 3.3 
OE 2 9.6 34.6 2.4 
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Study of Table 6 would seem-to indicate that exposure to 
Dieldrin had no gross effects on the relearning of an extin­
guished CAB, nor did it effect the number of barrier crossings 
made in an avoidance shuttlebox situation. 
Seven of the exposed animals showed overt physiological 
consequences of Dieldrin toxicity. Presented in Table 7 are 
the symptoms for each of the effected sheep. 
Table 7« Overt symptoms of Dieldrin toxicity 
Day Sheep Convulsions Blindness Death 
5 28 X 
13 21 X 
18 24 X 
18 36 X 
27 31 X 
27 25 X 
29 20 X 
30 31 X 
It is possible that both Sheep 36 and Sheep 31 experi-
' enced terminal convulsions. However, both deaths occurred at 
a time when there were no observers present. 
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DISCUSSION 
Analysis of the response latency and number of CAEs made 
per day during the extinction-exposure phase of the experiment 
indicates that these variables were uneffected by exposure to 
Dieldrin. In particular, the results of the present experi­
ment do not support the hypothesis that exposure to Dieldrin 
interferes with the maintenance of a well acquired CAR. Expo­
sure to Dieldrin did not significantly alter the rate of ex­
tinction or the latency with which the CAEs were made during 
the extinction-exposure phase. 
All of the animals except two met the extinction criterion 
of three daily ten trial blocks at 0^  correct CAEs in succes­
sion. The two exceptions, Sheep 20 (OE group) and Sheep 31 
(UE group), died of Dieldrin toxicity before reaching extinc­
tion. On the last day of avoidance response testing these two 
sheep were making 20% and 10^  correct CAEs in succession 
respectively. 
These findings are not in agreement with Katzer's (1966) 
conclusion that the only situation both necessary and suffi­
cient for extinction of a CAE is one in which performance of 
the CAE does not_result in prompt CS termination.- Working 
with rats, Katzer found only irregular extinction of a CAE 
when using an avoidance paradigm similar to the one used in 
the present experiment. 
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An examination of Figures 2 and 3 suggests that extinc­
tion in the sheep takes the form of either response suppres­
sion or the replacement of the CAR "by a response such as 
freezing. During extinction in the present experiment, the 
response latency increased as the number of correct CAEs de­
creased. The increase in response latency culminated in com­
plete suppression of the CAE. Extinction of the CAR was 
accompanied by a decrease in the number of barrier crossings 
(see Figure 4). It would seem that the sheep learned to 
suppress or replace the jumping response, not only during the 
response part of the avoidance trial, but throughout the entire 
period they were in the avoidance shuttlebox. 
If the extinction of the CAR in the present experiment 
had been a matter of the extinction of a visceral fear CR 
associated with the CS, it would be expected that the reac-
quisition of the extinguished CAE would be more gradual. In 
general, it only required one or two brief exposures to the 
UCS for the sheep to re-acquire the original CAR. It would 
appear the presence of the UCS acted as a signal that response 
suppression was no longer an efficient manner of avoiding 
punishment. 
The suppression of the jumping response may be taken to 
indicate that the animals feared not just the CS, but the 
entire shuttlebox situation. Maintenance of response suppres­
sion throughout the entire period the animals were in the 
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shuttlebox acted to reduce the fear generated by this 
situation. 
Although there is reason to".'believe that the animals 
feared the entire situation and reduced this fear through re­
sponse suppression, examination of the HE data presented in 
Figures 6, 7, 8 and 9 indicates that onset of the CS had a 
definite physiological effect on the animals. In each of the 
five 7-day segments there was a noticeable acceleration be­
tween HR periods five and six. Periods five and six corre­
spond to the HR immediately before and immediately after the 
onset of the CS. These findings are in agreement with those 
of Wenzel (I96I) who reported that HR showed a slight acceler­
ation with the onset of the CS during extinction. Although it 
is not possible to eliminate the hypothesis that the accelera­
tion between^ periods five and six was due to an orienting 
response or unlearned reaction by the sheep to the light, it 
is extremely doubtful that such a response would not have 
adapted out after as many as 400 exposures to the CS. Dykman 
et al. (1956) note that although a change in HR is normally 
part of the orienting reflex which accompanies the presenta­
tion of novel stimuli, the orienting reflex may be quickly 
habituated by presenting the CS in the absence of the UCS for 
a few trials as was done in the habituation phase of the 
present experiment. 
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Each of the treatment groups displayed a fairly clear and 
regular pattern of HE accelerations and decelerations through­
out the extinction-exposure phase, though the actual jumping 
response was no longer present. In Figures 6, 7» 8 and 9 
examination of segments 3, 4 and 5 (representing days 14-21, 
22-28 and 29-35) reveals evidence of a conditioned cardiac 
response occurring prior to the CS onset. The pattern ex­
hibited is distinguished by a high rate of cardiac activity 
falling between the second and fourth EH periods (corresponding 
to measures taken from 15 to 28 seconds after the beginning of 
the inter-trial interval). The regularity of these patterns 
is an indication of a learned visceral reaction in the sheep 
to the situation during the entire period it spends in the 
shuttlebox. While it is true that such a pattern might have 
been the indirect result of changes in some physiological sys­
tem, other than the cardio-vascular system, it would be 
expected that the pattern formed by this primary system would 
also be a learned reaction to the situation. Shearn (196I) 
noted that while cardio-vascular responses are certainly 
influenced by the effects of other physiological systems, it 
is unlikely that any single body system is independent of such 
influence. 
The results of the present experiment offer little 
support for Mowrer's (i960) contention that it is the termina­
tion of the CS which acts to reduce visceral fear stimuli. If 
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such a formulation were applicable, it would be expected that 
response suppression would be evident only during the normal 
response period and not during the inter-trial interval. 
Further,, it would be expected that the patterned cardio­
vascular activity would disappear shortly after the termina­
tion of the CS rather than persisting through the 35 second 
inter-trial interval. 
In general, the data are better explained by the sugges­
tion of Bolles et al. (I966) that while CS onset acts to 
increase fear stimuli by warning of the impending UCS, it is 
the performance of the CAB. that reduces these stimuli, rather 
than the termination of the CS. 
The barrier crossings data reveal no clear effect due 
to exposure to Dieldrin. As noted in the results section, 
the high initial rate of barrier crossings registered by the 
OC group accounts for the operation effects on both the inter­
cept and linear, quadratic, and cubic components of the 
barrier crossings curve. The initial rate of barrier crossings 
of the OC group also accounts for the Dieldrin by operation 
interaction on the cubic component of this curve. As this 
high rate of jumping was recorded by a group representing only 
three sheep and since it occurred at the very beginning of the 
extinction-exposure phase, it may well be that these results 
are due to inadvertent selection bias. The high HRs recorded 
initially from the OC group are undoubtedly related to their 
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high activity during this period and account for the inter­
action between exposure and operations on the linear component 
of the HH curve (see Figure 8). 
Although the analysis revealed significant differences 
between the exposed and unexposed groups with regard to 
weight, these differences were present before exposure to 
Dieldrin began (see Figure 5). The analysis did not indicate 
that there were any differences in terms of weight gain or 
weight loss due to the effects of Dieldrin as Conley's (I96O) 
report of loss of appetite in humans suggested. 
The high number of initial barrier crossings made by the 
OC group and the initial differences in weight between the 
exposed and non-exposed groups are symptomatic of the use of a 
small and non-homogeneous subject population. One of the 
eight operated animals originally selected for inclusion in 
the experiment died during the avoidance training phase. This 
death, indirectly due to the operation, reduced the size of 
the OC group to only three animals. There is no doubt that 
the inclusion of seven animals whose physiological and be­
havioral histories were neither similar to the other sheep no 
representative of normal sheep increased the error variance. 
The lack of findings demonstrating an effect of Dieldrin 
on the variables measured might possibly be due to insensi-
tivity to exposure to Dieldrin on the part of the physiological 
systems underlying the measures taken. 
55 
The behavioral effects of Dieldrin could possibly involve 
interference with such processes as sensory discrimination or 
fine muscular coordination. A situation using a simple 
jumping CAR and an easily discriminated CS would be insensi­
tive to subtle changes in discrimination or coordination. 
Dieldrin's effect might be revealed through investigation of 
more complex behavior patterns. The effect of exposure to 
Dieldrin on social behavior in sheep would be especially 
interesting as the social behavior of the normal sheep has 
been the object of considerable investigation (Carins, 1966; 
Cresswell, 196O; Ewbank, 19^ 7; Hafex and Scott, 1962; Hersher, 
Richmond and Moore, 1963; Moore, I96O; Scott, J, P., 1958, 
1945). 
56 
SUMMAEY 
The effect of exposure to the chlorinated hydrocarbon 
pesticide Dieldrin on the extinction of a shuttlebox avoidance 
response, barrier crossings,conditioned heart rate, and body 
weight in sheep were investigated in this experiment. Nine­
teen sheep, seven of which had been previously operated upon 
for another experiment, were avoidance conditioned in a 
shuttlebox situation with a light CS, shock UCS, and a jumping 
CAE. After all animals reached a given criterion, extinction 
began. The animals were extinguished using the same procedure 
as used during acquisition, except that the UCS was omitted. 
The animals were divided into four treatment groups: an un-
operated control group, an unoperated exposure group, an 
operated control group, and an operated exposure group. The 
two exposure groups were dosed with 15 mg/kg Dieldrin body 
weight orally each day during extinction. Exposure was con­
tinued until the animals showed clinical symptoms of Dieldrin 
toxicity or 35 days had elapsed. Extinction continued until 
the animals had extinguished or 35 days had elapsed. On the 
36th day after the beginning of extinction all surviving 
animals began two days of retraining. -
During extinction and relearning, the mean response 
latency, number of avoidance response, total number of times 
an animal jumped the barrier, heart rate, and body weight were 
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recorded. An analysis of these data did not support the 
hypothesis that exposure to Dieldrin effected any of the above 
dependent variables in sheep. 
During the extinction-exposure period, seven of the 
exposed ewes showed overt physiological symptoms: four showed 
whole body convulsions; two went blind; of the two blind 
sheep, one subsequently died; and a seventh sheep died. 
Extinction of the CAE took the form of response suppres­
sion. As extinction progressed, response latency increased 
and the number of barrier crossings decreased; but the pattern 
of conditioned heart rate remained regular. Throughout the 
extinction period, presentation of the CS elicited an accel­
eration in heart rate. 
Retraining was rapid. On the second day all four groups 
averaged more than 8?^  correct CAEs. 
The CAR extinction data may be taken to support the con­
tention of Bolles et al. (I966) that it is the performance 
of the CAE which reduces fear stimuli and reinforces avoidance 
behavior, rather than the termination of the CS. 
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Table 8. Mean response latencies, per day, in seconds, and 
mean number of CAEs, per day, for the unoperated 
and operated animals during the avoidance condi­
tioning phase 
Operated Unoperated 
Mean Mean Mean Mean 
Response Number Response Number 
Day Latency of CAEs Latency of CAEs 
1 7.3 0 9.7 .1 
2 • 6.5 1.3 12.5 .5 
3 5.2 5.0 6.2 2.3 
4 3.7 7.4 5.0 5.9 
5 2.8 8.2 3.9 6.3 
6 2.7 9.0 3.3 8.3 
7 3.2 8.7 3.3 8.2 
8 2.4 9.3 3.0 8.5 
9 2.4 9.5 2.7 8.3 
10 2.3 
- 9.7 3.9 9.0 
11 2.3 9.7 3.6 8.2 
12 2.3 9.5 2.6 9.4 
13 2.9 9.0 2.6 9.5 
14 2.1 9.8 2.7 9.5 
15 1.9 10.0 2.6 9.5 
16 2.7 9.4 
17 2.4 9.9 
18 2.5 9.8 
19 3.0 10.0 
20 2.7 9.0 
21 2.9 10.0 
22 3.6 9.5 
23 3.0 9.0 
24 3.4 10.0 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
31 
32 
33 
34 
35 
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Mean response latencies, per day, in seconds, 
during the extinction-exposure phase 
Unoperated Unoperated Operated Operated 
Controls Exposed Controls Exposed 
3.6 3.4 
3.0 2.9 
4.1 3.9 
4.2 3.3 
11.1 3.1 
12.5 7.5 
10.6 6 .3  
14.7 6.4 
12.9 8.1 
14.0 6.4 
16.0 12.5 
19.9 17.2 
24.1 16.1 
24.4 16.4 
25.5 18.1 
25.2 18.5 
26.2 20.6 
25.6 19.1 
26.6 20.6 
28.4 21.4 
29.3 20.9 
29.7 22.5 
29.3 26.6 ,  
29.3 27.5 
29.3 27.3 
29.3 26.7 
29.3 27.1 
29.3 29.4 
29.3 28.7 
29.3 28.7 
29.3 28.7 
29.3 28.7 
29.3 28.7 
29.3 28.7 
29.3 28.7 
29.3 28.7 
2.1 2.2 ^ 
2.2 2.6 
3.7 2.3 
3.0 2.9 
16.6 2.5 
12.5 4.9 
21.3 6.8 
21.2 11.6 
20.3 11.0 
19.6 15.3 
21.2 21.7 
21.3 21.7 
21.6 25.4 
21.6 22.2 
21.4 24.3 
21.6 24.7 
21.2 26.1 
21.7 26.8 
23.2 26.7 
21.6 26.5 
22.9 ' 26.0 
27.9 29.2 
29.5 28.5 
28.7 28.6 
25.1 27.4 
26.9 27.5 
29.4 28.4 
28.7 28.4 
29.6 27.6 
30.4 27.6 
30.4 27.6 
30.4 27.6 
30.4 27.6 
30.4 27.6 
30.4 27.6 
30.4 27.6 
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Table 10. Mean avoidance responses per day during the 
extinction-exposure phase 
Unoperated Unoperated Operated Operated 
Days Controls Exposed Controls Exposed 
1 9.0 9.0 9.7 10.0 
2 8.8 9.5 9.7 9.3 
3 8.8 8.8 8.7 10.0 
4 8.2 9.0 9.3 9.3 
5 5.8 8.7 6.0 9.8 
6 5.7 6.5 6.3 8.8 
7 5.7 7.2 3.3 7.8 
8 4.7 6.5 3.3 6.3 
9 5.5 6.0 3.3 4.7 
10 5.0 6.5 3.7 4.3 
11 4.7 4.5 3.3 2.5 
12 2.8 . 4.0 3.3 2.3 
13 2.0 4.7 3.0 1.0 
14 1.5 • 3.3 2.3 1.3 
15 1.7 3.8 2.7 1.5 
16 1.7 3.8 2.7 0.5 
17 0.7 3.0 3.3 0.8 
18 1.5 3.0 2.7 0.8 
19 1.0 2.3 0.7 0.5 
20 0.2 2.3 2.7 J 0.5 
21 0.0 2.5 0.7 1.0 
22 0.0 . 1.8 0.7 0.0 
23 0.0 0.5  ^ 0.0 0.3 
24 0.0 0.0 0.7 0.3 
25 0.0 .. 0.3 1.0 0.3 
26 0.0 0.7 1.0 0.5 
27 0.0 0.7 0.3 0.3 
28 0.0 0.0 0.7 0.5 
29 0.0 0.2 0.0 0.5 
30 0.0 0.2 0.0 0.5 
31 0.0 0.2 0.0 0.5 
32 0.0 0.2 0.0 0.5 
33 0.0 0.2 0.0 0.5 
34 0.0 0.2 0.0 0.5 
35 0.0 0.2 0.0 0.5 
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Table 11. Mean number of barrier crossings per day.during 
the extinction-exposure phase 
Unoperated Unoperated Operated Operated 
Days Controls Exposed Controls Exposed 
1 20.8 22.2 46.0 25.8 
2 18.0 19.8 50.0 20.3 
3 15.2 18.3 28.0 17.8 
4 14.0 20.3 20.3 16.8 
5 11.2 17.2 17.7 21.0 
6 7.8 14.2 12.0 17.0 
7 9.7 15.3 5.3 14.0 
8 7.8 13.8 6.0 12.8 
9 7.8 12.8 6.0 11.5 
10 7.8 • 13.5 5.3 9.8 
11 7.3 10.7 3.3 5.5 
12 6.7 6.5 5.7 6.5 
13 3.2 7.3 3.3 3.3 
14 3.8 7.3 6.7 6.3 
15 4.0 7.8 5.3 4.8 
l6 4.5 9.0 5.3 3.3 
17 2.0 6.0 6.0 3.5 
18 3.3 9.5 7.0 3.5 
19 2.7 '5.7 3.3 2.8 
20 2.0 4.5 6.7 4.0 
21 1.5 5.7 1.7 4.3 
22 1.3 4.8 2.0 2.0 
23 1.5 4.0 . 0.7 2.8 
24 1.3 2.5 1.0 2.8 
25 1.3 2.3 2.0 2.8 
26 1.3 4.0 1.3 3.5 
27 1.3 3.0 0.7 3.3 
28 1.3 1.5 0.7 2.5 
29 1.3 2.0 0.7 3.0 
30 1.3 2.0 0.0 3.0 
31 1.3 2.0 0.0 3.0 
32 1.3 2.0 0.0 3.0 
33 1.3 2.0 0.0 3.0 
34 1.3 2.0 0.0 3.0 
35 1.3 2.0 0.0 3.0 
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Table 12. Mean weights (in lbs.) during the extinction-
exposure phase 
Weighings 
Unoperated 
Controls 
Unoperated 
Exposed 
Operated 
Controls 
Operated 
Exposed 
1 110.7 102.9 117.0 103.6 
2 112.9 101.7 114.3 100.5 
3 111.5 102.8 121.3 109.0 
4 115.0 103.9 119.2 104.5 
5 117.5 106.3 122.8 105.1 
6 123.0 110.8 130.2 111.0 
7 122.1 108.3 124.5 111.0 
8 120 ."8 107.3 124.2 109.0 
9 115.8 105.1 124.7 107.3 
10 118.5 105.2 124.5 109.4 
11 123.6 106.8 128.0 112.1 
Table 13. The mean HHs for the UC group for each of the six 
periods within an avoidance trial during the five 
'7-day segments of the extinction-exposure phase 
(in beats per second) 
Period Period Period Period Period Period 
Segment 1 2 3 4 5 6 
-
t 1—1 H
 1.3 1.4 1.3 1.4 1.4 
2 1.3 1.3 1.3 1.3 1.3 1.3 
3 1.4 1.4 1.4 1.4 1.4 1.4 
4 1.3 1.3 1.3 1.4 1.3 1.4 
1—1 
1.3 1.3 1.4 1.3 1.4 
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Table l4. The mean HEs for the UE group for each of the six 
periods within an avoidance trial during the five 
7-day segments of the extinction-exposure phase 
(in beats per second) 
Period Period Period Period Period Period 
Segment 12 3 4 5 6 
1 1.4 1.4 1.4 1.4 1.4 1.5 
2 1.4 1.3 1.4 1.4 1.3 1.4 
3 1.4 1.4 1.4 1.4 1.4 1.4 
4 1.3 1.3 1.3 1.3 1.3 1.3 
5 1.3 1.3 1.4 1.3 1.3 1.3 
Table 15. The mean HRs for the OC group for each of the six 
periods within an avoidance trial during the five 
7-day segments of the extinction-exposure phase 
(in beats per second) 
Period Period Period Period Period Period 
Segment 1 2 3 4 5 6 
1 1.5 1.5 1.5 1.5 1.5 1.5 
2 . 1.2 1.2 1.2 1.3 1.3 1.3 
3 1.3 1.2 1.3 1.4 1.3 1.3 
4 1.2 1.2 1.2 1.3 1.2 1.2 
5 1.3 1.2 1.2 1.3 1.3 1.3 
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Table l6. The mean HRs for the OE group for each of the six 
periods within an avoidance trial during the five 
7-day segments of the extinction-exposure phase 
(in beats per second) 
Segment 
Period 
1 
Period 
2 
Period 
3 
Period 
4 
Period 
5 
Period 
6 
1 1.4 1.4 1.5 1.4 1.4 1.5 
2 1.4 1.4 1.4 1.4 1.4 1.4 
3 1.5 1.5 1.5 1.5 1.5 1.5 
4 1.6 1.6 1.6 1.5 1.6 1.6 
5 1.6 1.6 1.6 1.6 1.6 1.6 
